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Introduction
The technological process of passenger transportation is a sequence of interrelated operations, the implementation of which should ensure the movement of passengers from the point of departure to the destination. The organization of the technological process largely determines the quality of transport services and has a significant impact on the level of their economic and social efficiency. When developing the technology of passenger transportation, it is necessary to take into account a number of features and requirements, which include:
-a clear planning of the work of all participants in the transport process; -the need to ensure the uninterrupted transport process; -ensuring the safety of participants in the transport process; -a clear interaction of participants in the technological process. An important element of the organization of the technological process of servicing the suburban population is the functioning of suburban transport and transfer terminals (TTT). Suburban TTT is the main constructive element of the transport spatial planning organization of the city and adjacent territories. The network of suburban TTT represents the centers of the branching of the city's transport highways, thanks to its growth, the connections between the territorial structures of cities and suburban areas, satellite towns and agglomerations are expanding. The place of TTT in the transport infrastructure determines its transport work, that is, the organization of interaction between internal and suburban communications, city and intercity communication. In the hierarchical structure of the elements, the value of TTT is determined by the scales of the zones of their influence and, accordingly, the availability of the node, its transport and functional structure. Suburban TTTs in the transport network concentrate information about the number, capacity, distribution of passenger traffic between the routes, service and the network. Modern suburban TTTs are complex entities, which put forward specific requirements for the organization of technological interaction of routes within their functional and organizational structure. It shows the relevance of the study.
the object of research and its technological audit
The technological process of passenger transport service on the one hand can be presented as an integral element of the higher level process -the functioning of the transport system, and on the other hand it is considered as a set of elementary technological operations. The composition of technological operations performed at transport infrastructure facilities, which include suburban TTT includes: provision of a vehicle for boarding passengers, loading and unloading of the passengers, selling tickets, maneuvering vehicles, time between trips. On the basis of technological audit of operating TTT, it is revealed that the most important parameters are the following:
-number of types and routes of the transport interacting in the node; -number of resource channels of service; -technological service performance. The parameters of the TTT elements are: -capacity of resource channels; -capacity of its resource economy. The parameters of the flows entering and exiting the TTT are:
-their absolute value; -time (daily, weekly, seasonal, etc.) and spatial unevenness; -intensity of flows; -the distribution function of the intervals between the arrival times of the two transport units; -system of priorities for the receipt and dispatch of vehicles; -regularity of the transport flow.
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The object of research is the process of suburban TTT functioning. An important characteristic of suburban TTT functioning is the time parameters of passenger service. Reducing the time of transfer of passengers between the types of services and routes makes it possible to improve the quality of transport services to the suburban population, and to increase the social efficiency of passenger transport. Reducing the time of transfer of passengers can be realized by ensuring the simultaneous presence in TTT vehicles of different routes. Under such conditions, the waiting time for transfer between routes will be minimal. However, the extension of the time of the adjacent location of vehicles in the TTT leads to an increase in their unproductive idle time, a reduction in their productivity and an increase in the probability of a malfunction in the TTT operation. Determination of rational time parameters for the interaction of routes requires the creation of an adequate model for TTT functioning and for the research of the parametric regions of its constituent elements. The study of the time parameters of the simultaneous location of vehicles in the TTT from the standpoint of pro viding service-resource efficiency has an insufficient level of study, has so far been presented only in general terms, does not have a specific formalization and requires the creation of a corresponding model apparatus.
the aim and objectives of research
The aim of research is determination of the interval of rational time parameters for the technological interaction of passenger transport in suburban TTT.
To achieve this aim, it is necessary to solve the following tasks:
1. To form the general structure of the interaction of subjects within the suburban TTT.
2. To formalize models for determining the boundaries of the permissible parametric regions of time interaction of passenger transport.
research of existing solutions of the problem
In the conditions of continuous development of interrelations between the city and other settlements, the requirements to the transport infrastructure, the interaction of its elements in transport hubs are increasing [1] . The issues of organizing the interaction of passenger transport within the TTT are considered from the following forms:
-planning solutions [2] [3] [4] ; -technical interaction [5] ; -technological coordination [6] [7] [8] [9] . The organization of interaction of passenger transport by searching for a rational planning structure of TTT has become widespread in scientific research. This form allows to determine rational parameters for the location of service channels at the design stage of the elements of the transport system and is aimed at creating conditions for the conflict-free movement of traffic and pedestrian flows within the TTT. This form allows to ensure the formation of a high level of the future potential of interaction of elements within the TTT, but can't be considered as an effective tool for improving the operational efficiency of the technological processes of passenger transport.
Technical cooperation implies the harmonization of the operational parameters of devices and vehicles and is aimed at reducing the likelihood of malfunctions in the TTT operation and ensuring the traffic safety. The limited application of this approach consists in the need to replace the technical equipment of the subjects of passenger transport that makes it impossible in conditions of limiting the resource capabilities of transport organizations. In addition, this form of organization of interaction without technological coordination does not allow achieving a high level of quality of passenger transport services.
The most promising method is the technological interaction, which involves the introduction of rational traffic schedules within the TTT. The existing methods of coordinating the movement of passenger transport in the organization of interaction within the framework of the TTT are implemented on the basis of:
-allowance for stochastic motion [10] ; -the number of passenger transfers [11] ; -taking into account the periods of possible transfer of passengers [12] ; -assessing transit flows [13] ; -multi-criteria evaluation of the results [14] . A common disadvantage of the existing approaches to technological coordination of the interaction of transport in the TTT is that they do not take into account the potential possibilities to ensure a reduction in the time of passenger transfer by creating conditions for the simultaneous stay of vehicles in the TTT.
Taking into account the above-mentioned disadvantages of the existing approaches to the interaction of passenger transport in the TTT, it is necessary to conduct a study aimed at analyzing the time parameters of stay of vehicles in the TTT from the standpoint of reducing the waiting time for the passengers. Research in this area is con sidered promising also from the point of view of ensuring the conditions of service-resource compliance with the requirements of the stability of technological processes of transport entities.
methods or research
The process of TTT functioning can be represented in the form of a model consisting of the structure of its constituent elements and the contour of their interrelations. The components of the TTT are: bus stops (SS i ), metro station (M), stops for urban electric transport (ET), suburban (S i ) and urban (C I ) bus routes. The contour of relationships includes:
-order flow (λ ij ); -service flow (μ ij ) in the TTT resource channel; -the parameters of the impact of the results of the TTT operation on the suburban (j TTT-uа ) and urban (j TTT-uа ) routes; -parameters of the service time of the moments of service in ТTТ (Т sа ); -the total time for servicing passengers in the TTT (T pas ), the parameters of the transport offer of the route (A SA ).
The structure of the connection contour of the model of the suburban TTT is shown in Fig. 1 .
In the presented structure of the model, based on the selected objective strategy, the criterion of the TTT effectiveness can be represented as the total time of transfer of passengers between routes:
where t dep j -the departure moment of vehicle of the j-th route from TTT; t arr i -the arrival moment of vehicle of the i-th route in TTT; Q i -the volume of arrival of passengers from the i-th route, pass.; β i j − -the specific weight of transfers from the i-th route to the j-th route; n -the number of suburban routes in the TTT; k -the number of urban routes in the TTT.
The presented objective function should ensure achievement of its extreme value provided that the restrictions that are determined by the nature and conditions of the provision of a resource and social strategy for TTT functioning. These restrictions include the conditions for ensuring the appropriate level of capacity of the TTT stops to their available resource capabilities and the conditions for ensuring a balance of the number of vehicles on the routes and their environmental impacts to existing operating conditions of the routes. In view of these requirements, the system of limiting the objective function has the form:
where μ i -service flow of the i-th stop station of the TTT, vehicle/hour; μ i p -the maximum allowable service flow of the j-th stop of the TTT, vehicle/hour; A mj -number of vehicles on the j-th route, units; A mj p -maximum permissible number of vehicles on the j-th route, units; L pj -mileage of vehicles on the j-th route, km; L pj p -maximum permissible mileage of vehicles on the j-th route, km; r -number of stops in the TTT; j -number of routes in the TTL.
The service-resource model of TTT functioning provides, on the basis of the presented structure of elements and the contour of their interrelations, description of resource and service parameters. As the resource parameters in the model, indicators of the level of service flow of vehicles and passengers at the TTT stops, the parameters of the routes of suburban and urban communications, and the characteristics of the state of the stops are used. The service component of the model characterizes the indicators reflecting the quality of the transport services provided in the TTT, namely, the time spent by passengers for the implementation of transfers.
The order flow that arrives at the stopping point from the routes is determined on the basis of the arrival interval of the vehicles:
where 
The flow of orders received for transfer in TTT from the i-th suburban route to the j-th urban:
Vehicle arrival interval: 
The service flow at the stop is determined based on its capacity:
Service flow in the suburban part of the TTT: 
where r sa -number of stops in the suburban part of the TTT. Service flow in the urban part of the TTT: 
where r ua -number of stops in the urban part of the TTT. 
where r -number of bus stops in the TTL. Reducing the transfer time is possible by reducing the interval between the arrival of vehicles of joint routes. However, in the conditions of uncertainty of the time parameters of the route, such task becomes difficult and almost impossible in practical implementation. An alternative way to reduce the time of transfers is to introduce the principle of «cross-finding» vehicles in the TTT, where it is necessary to provide the maximum possibility of simultaneous idling of vehicles in the TTT during loadingunloading. The graphical representation of the formation of the transfer realization time is shown in Fig. 2 .
The transfer time of passengers between suburban and urban routes is determined on the basis of the difference in time between the arrival and departure of vehicles:
where Δt aSi -time between the arrival of the suburban route and the start of overlapped band, h.; t adi j − -overlapped band time, h.; Δt aU j -time between departure of urban route and the end time of overlapped band, h.
The total time of transfer of passengers at TTT between suburban and urban routes:
де Q i -volume of arrival of passengers from the i-th route, pas.; β i j − -the proportion of transfers from the i-th route to the j-th route.
The operational state of the TTT stops can be determined by using the queuing system approaches. The TTT stops can be represented as a queuing system with one channel. Based on this presentation, it is possible to determine the parameters of its operation and assess the likelihood of a queue of vehicles at a stop.
The probability of the absence of a vehicle at a stop:
де ρ i -load level of the stop; y -maximum number of queues. The relationship between the order and service flows reflects the possible states of the system and determines the level of its load:
The probability of having a vehicle on arrival of the next vehicle at the stop:
The probability of a queue of a vehicle when the next vehicle arrives at a stop:
The conditions for the stable TTT functioning are the absence of queues and the possibility of its occurrence. Such condition can be written in the form of a restriction:
Accepted the probability of having vehicles in a stop as zero and substituted the values of the components of the order and service flow, it is possible to write the equation that defines the maximum permissible value of the flow of service: 
The presented equation makes it possible to determine the absolute values of the parameters of the TTT functioning, under which conditions for the realization of certain resource and social substrategies of its functioning are ensured.
research results
Based on the performed calculations, it is possible to analyze the change in the results of the TTT functioning depending on the time parameters of the interaction of the routes. Such analysis is carried out in analytical form and assumes its purpose to determine the main trends in the formation of internal cause-effect relationships. These links in the future will make it possible to become a tool for practical adaptation of the proposed technological solutions to the formation of a production program for the TTT functioning.
The analysis of the obtained data is carried out in three main directions:
-analysis of connection «the length of the overlapped band -the total transfer time of the passengers in the TTT between the considered routes -the value of the parameters of restriction system»; -analysis of connection «duration of time between the arrival of the suburban route and the transfer time of the passengers in the TTT between the routes»; -analysis of connection «duration of time between the departure of the urban route and the transfer time of the passengers in the TTT between the routes -the value of the parameters of restriction system». Investigation of the time parameters of interaction of passenger transport was carried out for the suburban TTT «Holodnaya Gora» in Kharkov (Ukraine). Determination of the range of permissible values for the parameters of interaction between vehicles in suburban TTT «Holodnaya Gora» is realized by identifying the area of permissible solutions, which is determined on the basis of an assessment of the compliance of the critical value of the restriction system. System of restrictions is: the right number of buses, the total mileage on the suburban route, the flow of maintenance of the resource channels of TTT. According to certain dependencies, it is established that the critical value of the duration of the overlapped band concerning the required number of buses is 4.5 min., concerning to the bus run -8.5 min., concerning to the flow of service -5 min. Let's represent the area of permissible values of the parameters of the overlapped band duration on the graph, combining concerning to a certain restriction. This area of feasible solutions is shown in Fig. 3 .
The critical feature of the area of permissible values is the critical condition of their conformity with the value of the corresponding maintenance of the content in the existing boundaries of the resource balance (the number of buses on the route), the volume of harmful emissions. These emissions depend on the mileage on the route and the flow of service, determines the possible state of functioning of the TTT. The acceptable value of the band duration is 4.5 minutes, which provides a condition for matching existing resource capabilities and allows reducing the total time for passengers to change.
sWot analysis of research results
Strengths. Isolation of the communication contour of the interaction model of elements within the suburban TTT made it possible to form a general view of the criterion for the efficiency of its functioning and to single out a system of restrictions that is based on the requirements for ensuring resource compliance with existing transport opportunities. The study of technological interaction from the point of view of the time of passenger transfer to TTT is the basis for the formation of the corresponding functional and production programs for the technological processes of passenger transport, aimed at improving the quality of transport services for the population. In combination with the methods of architectural and planning and technical development of TTT, this form allows to significantly increase the operational properties of its potential and provides the conditions for stabilizing its operation.
As strength of the research, it should be noted that the proposed form of coordination of interaction allows to ensure the balance of the resource capabilities of transport within their existing level. This principle is implemented on the basis of the principles of providing service-resource efficiency of technological processes and allows to use the proposed approach in the conditions of existing organizational and planning solutions of suburban TTT. Unlike the existing ones, this approach allows to increase the efficiency of transport services for passengers using technological solutions without attracting additional resources for the creation and reconstruction of transport infrastructure.
Weaknesses. The weak side of research is the need to create conditions for ensuring the accuracy of the timetable on routes passing through the TTT. Taking into account the complexity of the organization and the level of traffic loading of the transport networks of the route zone, the process of coordinating the interaction of passenger transport needs to be implemented within the framework of a comprehensive program for improving the work of transport. Such program should ensure the formation of conditions for limiting influential exchange with elements of the external environment and must be based on an assessment of the change in the system efficiency of passenger transport.
Opportunities. The proposed model for determining the time parameters of interaction in suburban TTTs is an integral structural element of an integrated information management system for passenger transport. The characteristic conditions for determining the rational time for the adjacent location of vehicles have been created, which make it possible to shorten the procedure for determining efficient technological schemes for the operation of passenger transport and ensure the possibility of their adaptation to the specific production conditions of the corresponding TTTs.
Threats. The difficulty in determining the rational time parameters of interaction in suburban TTT is the need to obtain operational objective information about the conditions of traffic of vehicles, the level of transport demand and the state of their fluctuations in time. These factors have a significant impact on the service-resource indicators of interaction and must be taken into account in the operational mode. To do this, it is necessary to create a system for collecting information and introducing a single coordinating center for its processing. The general structure of interaction in suburban TTT of subjects of the transport process, based on an estimation of time of change of passengers is generated. Effective technological coordination of interaction is achieved by taking into account the parameters of order and service flows, taking into account the reverse effect of the performance results on the service-resource characteristics of the work of routes passing through the TTT. The use of this form of interaction representation of passenger transport makes it possible to implement the procedure for finding rational time parameters for the simultaneous finding of vehicles of various types of services in suburban TTT that minimize the time spent on transfer of the passengers in accordance with the existing capabilities of resource service channels.
2. To make a decision on determining the length of the idle time of vehicles during the technological operations of loading and unloading of the passengers it is suggested to use the developed mathematical model for determining the boundaries of the permissible parametric areas of time interaction of passenger transport in suburban TTT. The developed model takes into account the probability of the status of the resource service channel and the change in the volume of route resources. On the basis of the conducted researches, characteristic conditions and areas of acceptable values of the rational duration of the overlapped location of vehicles in suburban TTT are established, which are an integral part of the overall technological process of the work of passenger transport on the routes of suburban traffic. references раЗраБотка модели определения временных параметров вЗаимодействия пассажирского транспорта в пригородном транспортно-пересадочном терминале Сформирована общая структура и представлены состав-ляющие элементы модели технологического взаимодействия пассажирского транспорта в пригородном транспортно-переса-дочном терминале. На основе оценки общего времени пересадки пассажиров выделены характеристические условия и области допустимых значений рациональной продолжительности време-ни смежного нахождения транспортных средств в пригородном транспортно-пересадочном терминале.
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